Introduction.
Introduction.
The ovary of adult ewes contains between 12 000 and 86 000 primordial follicles and between 100 and 400 growing follicles, of which 10 to 40 are visible on the surface of the ovary (Cahill, Mariana and Maul6on, 1979 ; McNatty et al., 1982 Driancourt, 1980) have been monitored in vitro by ultrasonic echography to study most of preovulatory follicle enlargement. For convenience, the 17-day oestrous cycle in ewes (day 0 = oestrus) has been divided into a luteal phase lasting from days 2 to 13 and a follicular phase lasting from days 14 to 1.
Events of the luteal phase.
Steroid and gonadotrophin levels. -Starting at day 3, the corpus luteum (CL) secretes increasing quantities of progesterone until day 7, and the concentration in peripheral plasma then remains at a plateau (1 to 3 ng/ml) until day 12.
The pattern of LH concentration in the plasma during that plateau reveals that LH is secreted in pulses at intervals varying with the breed and the stage of the breeding season. Each pulse induces an increase in the concentrations of oestradiol and androgens in ovarian vein plasma (Baird, Swanston and Scaramuzzi, 1976) . Wide fluctuations in FSH levels during this period occur from day to day within animals and between animals (L'Hermite et Salamonsen et al., 1973 ; McNeilly et al., 1976 ; Pant, Hopkinson and Fitzpatrick, 1977) . The search for periodicity in these fluctuations, using autocorrelations, led to the conclusion that waves of FSH do not occur at fixed-time intervals (Miller, Nordheim and Ginther, 1981 ; Bister and Paquay, 1983) . Depending on the animal, these pulses occur at short intervals of from 3.5 to 6 days, at long intervals of more than 10 days, or at both short and long intervals.
Follicular development -It is usually assumed that, for large follicles, waves of follicular growth of 4-6 days duration occur during the luteal phase. This assumption is based on : (1) the observation of fluctuations in the size of the largest ovarian follicles of different animals on known days of the luteal phase. Brand and De Jong (1973) claimed that two waves of follicular growth could be detected during the luteal phase, one from days 1 to 10 and the other from day 6 to ovulation ; (2) studies of the fate of follicles marked by India ink at different times of the cycle and followed over a period of a few days. Smeaton and Robertson (1971) and Bherer, Matton and Dufour (1977) suggested that three waves of follicles develop during the ewe cycle : on days 6 to 9 and 13 to 15 large follicles were marked which did not ovulate, after day 15 they did ; (3) the demonstration of peaks in oestradiol-170 secretion on days 3 and 4 (Cox, Mattner and Thorburn, 1971 ), 6 to 9 and 11 to 15 (Mattner and Braden, 1972 (Brand and De Jong, 1973) , suggests that preovulatory enlargement can occur under a wide range of hormonal levels and pulse frequencies. This high degree of follicular activity during the luteal phase is a common feature in sheep, cows (Rajakoski, 1960) and saddle-type mares (Driancourt, Palmer and Bour, 1983) , but is seldom found in women (Gougeon, 1981) or pony mares (Driancourt, Mariana and Palmer, 1982) .
Events of the follicular phase.
The differentiation of the ovulating follicle is a two-step process (Di Zerega and Hodgen, 1981) (Tsonis et al., 1982) . However, experimental elimination of a part of the recruited follicle population by unilateral ovariectomy (Findlay and Cumming, 1977) , follicle cautery (Tsonis et al., 1982) or X-irradiation (McNatty et al., 1981a) .
These results show that recruitment occurs around 48 h before the LH peak and suggest that it probably coincides with luteolysis. This is different than in rats, in which recruitment occurs at the time of the previous ovulation (Hirschfield and Midgley, 1978) , and in mares in which it takes place during the late luteal phase (Driancourt, Palmer and Bour, 1983 ; Driancourt and Palmer, 1984) , but it is similar to what has been described in women (Nillson, Wikland and Hamberger, 1982) and monkeys (Goodman and Hodgen, 1979a, b) (fig. 11 . However, defining a mean time of recruitment might not be very meaningful since in species with a long follicular phase, the time of recruitment varies considerably ; the interval from recruitment to ovulation ranges from 8 to 21 days in pony mares (Driancourt and Palmer, 1984) and from 12 to 20 days in monkeys (Goodman and Hodgen, 1979a, b (Karsch et al., 1978) . After enucleation of the CL, pulsatile LH secretion increases, except if the luteal phase levels of progesterone are maintained by progesterone-filled implants.
In contrast, no major change in FSH secretion has been found to coincide with luteolysis (L'Hermite et al., 1972 ; Salamonsen et al., 1973 ; McNeilly et al., 1976 ; Cahill et al., 19811 (Driancourt, Cahill and Bindon, 1985) or induced (Driancourt and Cahill, 1984) (Dott et al., 1979) ; (4) while the induction of ovulation in seasonal anoestrus by exogenous LH resulted in ovulation with a time-lag similar to that occurring after luteolysis during cyclic activity, the size of the largest follicles in anoestrous ovaries was around 3 mm (Smeaton and Robertson, 1971 ; McNatty et al., 1981a (Dufour, Cahill and Maul6on, 1980 ).
An examination of the growth kinetics of individual follicles throughout the follicular phase, using repeated laparotomy and ink labelling, suggests that all healthy follicles > 2 mm are recruited (Driancourt and Cahill, 1984 (Findlay and Cumming, 1977) , suggesting that selection occurs only late in the follicular phase. In fact, defining a mean selection time is probably meaningless since, whatever the criterion used, a main feature of selection is that the time of its occurrence varies greatly, as shown for mares on figure 3 . This has also been demonstrated in sheep after ink labelling of individual follicles. At 0, 4, 8, 12, 24 and 48 h after a prostaglandin injection, the follicle ovulating at the following oestrus was the largest in 0/7, 1 /7, 1/7, 4/7, 5/7 and 5/7 ewes, respectively (Driancourt and Cahill, 1984) . A similar conclusion can be drawn from studies in monkeys (Clark et al., 1979 ; Di Zerega et al., 1980) . This variability makes it difficult to analyse mechanisms of selection since, at a given time, selection may have occurred in some animals and not in others, resulting in a mixture of the causes and consequences of selection.
The mechanisms by which a single follicle is selected while the others undergo atresia are still unclear. In most cases (70 %), it is the largest healthy follicle (i.e. growing when followed by ink labelling between days 13 and 15 of the cycle) at the time of luteolysis which is selected (Driancourt, unpublished data (Di Zerega et al., 1983) , in the ovarian venous blood draining that type of follicle (Di Zerega, Goebeismann and Nakamura, 1982) and in ovine follicular fluid (Cahill, Clarke, Driancourt and Findlay, unpublished data) . Finally, active immunization against partially purified follicular fluid leads to an increased ovulation rate, despite unaffected FSH levels, suggesting that the antibodies raised by immunization are not against inhibin but rather against the selection-inducing compound (O'Shea et al., 1983) . Whatever the mechanism of selection, it is bypassed when PMSG is injected.
As a result of selection, all the recruited follicles except one become atretic.
The factors implicated in further atresia have been described. The aromatizing activity of early atretic follicles might be reduced either by a local mediator or by greater follicle susceptibility to declining concentrations of FSH. The increasing LH levels stimulate the production of androgens which are no longer converted to oestrogens. Their accumulation and conversion to 5a-dihydrotestosterone leads to a decrease in mitotic index (Hillier and Ross, 1979) , a further decrease in aromatase activity (Hillier et al., 1980) , and a lowered sensitivity to gonadotrophins (Farookhi, 1980) , thus driving the follicle further towards atresia. Together with this shift in steroid synthesis in sheep, the size of the atretic follicles is reduced by 1.6 mm per day, a rate unaffected by the progression of atresia (Driancourt and Cahill, 1984) .
Maintenance of the dominant follicle. -Once a dominant follicle appears, its growth rate begins to decrease while atresia progresses in the unselected follicles and recruitment is blocked (Driancourt and Cahill, 1984) . A further increase in its oestradiol secretion results in a peak of oestradiol concentration around 40 to 50 h after an injection of prostaglandins (Baird, Swanston and McNeilly, 1981 (Dieleman et al., 1983) . The data suggesting a role of blood flow in the maintenance of the dominant follicle are also confusing. Firstly, the ligation of one ovary, chronically reducing its blood supply, does not completely block ovulation in that ovary (rats : Peppier, 1975 ; monkeys : Wehrenberg et al., 1979 Runser, 1958 ; Richards, 1975) , possibly by triggering the differentiation of gonadotrophin receptors (Richards, 1979) .
What is striking, however, is that the developmental stability attained is very fragile. Any decrease in the FSH levels produced by injecting oestrogens (Clark, Dierschke and Wolf, 1981 ; Zeleznik, 1981) (Scaramuzzi, 1975) . Oestradiol administration to properly primed ovariectomized ewes provokes an LH surge (Pant, 1977 Dobson, 1979) or by the maintenance of high oestradiol levels (Chappel and Barraciough, 1977) , but is abolished by inhibin (Marder, Channing and Schwartz, 1977 ; Schwartz and Channing, 1977) and passive immunization against testosterone (Gay and Tomacari, 1974 (Cummins, 1983) .
Conclusion.
What emerges from the present data is the flexibility of terminal follicular growth. This is apparent (1) in the hormonal needs for preovulatory growth which are similarly evidenced during the follicular and the luteal phases (2) in the size at recruitment of the follicle which finally ovulates and (3) 
